After soya, cotton seed is considered as the second oil seed in terms of oil production rate (Naseri, 1994) . This product is called white gold due to its high commercial and economic value and with public awareness increase, the need for cotton textiles is rising. Numerous factors play a role in acquiring optimum yield of cotton plant among them water and nutrients. Therefore, irrigation and nutrient management are two very substantial and crucial issues in optimal production of cotton. T WO FIELD experiments were conducted at the Farm of Sids Agricultural Research Station, ARC, Egypt, during 2016 and 2017 seasons to study the response of cotton to potassium fertilization (12, 24, 36 and 48kg K 2 O) as soil application as well as 5kg K 2 O/ fad as foliar spraying three times at squaring, beginning of flowering and top of flowering) under different irrigation intervals at recommended irrigation interval (every 12 days), every 15 days, every 18 days and every 21 days). The results show that increasing potassium fertilization up to 36kg or 48kg K 2 O/fad as soil application as well as decreasing irrigation interval to 12 days exhibited the highest values of plant height, number of fruiting branches/ plant, number of open polls/plant, seed cotton yield, earliness % and seed index as well as leaf content of N, K, chlorophyll A and B and carotenoids. On the other hand, lint percentage and fiber properties did not respond to either potassium or irrigation treatments, while P content increased as increasing water irrigation. Increasing both potassium levels and the irrigation intervals improved water use efficiency and water utilization efficiency. The results of the interaction between potassium and irrigation treatments reveal that irrigation cotton plants every 15 days when fertilized with 48kg K 2 O/fad as soil application produced highest growth, yield and its components and chemical content of cotton leaf equal to these irrigated every 12 days and supplied water 36 or 48kg K 2 O/fad.
Introduction
After soya, cotton seed is considered as the second oil seed in terms of oil production rate (Naseri, 1994) . This product is called white gold due to its high commercial and economic value and with public awareness increase, the need for cotton textiles is rising. Numerous factors play a role in acquiring optimum yield of cotton plant among them water and nutrients. Therefore, irrigation and nutrient management are two very substantial and crucial issues in optimal production of cotton.
Potassium is one of major elements for crop growth and yield development, although it is not a integral component of any cellular organelle or structural part of plant. It is the most abundant cation in plants and is associated or involved with many physiological princesses supporting plant growth and development. Water relations, photosynthesis, assimilate transport and enzyme activation all can be impacted by (1) Cotton Resarch Institute, Agricultural Research Center, Giza, Egypt; (2) Soil and Water Science Department, Faculty of Agriculture, Minia University, Minia, Egypt. potassium (Pettigrew, 2008) . The response of cotton productivity to potassium application as soil application were reported by many authors such as Abd El-Aal et al. (2000) , Abd El-Shafy et al. (2001) , Kassem & Ahmed (2005) , Sawar et al. (2012) , Gebaly (2012) and Abd El-Gayed & Awadalla (2014) . Also, potassium fertilizer can be applied directly to the aerial portion of plants. It must be penetrating the cuticle of the leaf or the stomata and they enter the cells. This method provides more rapid utilization of potassium and permits the correction of potassium deficiencies in less time then would be required by soil application (Tisdale, 1997) . Ghourab et al. (2000) , Gebaly (2012) and Abd El-Gayed & Awadalla (2014) , reported that added potassium as foliar spraying improved growth, yield and its components of cotton plant.
Water stress is one of main problems in arid and semi arid regions. Lack of water effect most plant physiological processes, e. g., photosynthesis, photosynthetic material transmission to seeds, cellular development, coalescence and transmission of nutrients in plant (Davis et al., 2007) . Drought influenced plant height caused by hormonal imbalance (cytokinin, abscisic acid) that affected growth due to changes in cell wall extensibility (Zhao et al., 2006) . Ouda et al. (2010) reported that up to 20% of full irrigation could be saved with yield reduction reached to 7%. Although cotton is known as an adaptable plant, the different amounts of irrigation water have a significant affect on cotton growth (Onder et al., 2009 ). Geerts & Raes (2009) indicated the deficit irrigation water in various products leads to enhancing the water use efficiency without having to drastically reduce yield. Since drought tolerance in plants varies with cultivar and phonological stages, deficit irrigation needs careful study of plant response to drought stress. Water stress quickly reduces plant growth, height and cotton leaf area and result in the reduction of lint yield (Siskani et al., 2015) . Burke & Omahony (2001) pointed out that sever water stress in the early growth period to mid flowering stage causes slower growth, plant shrinkage, less nodes and prolific branches and less leaf area index. Akbari (2011) mentioned that the highest cotton yield was referred to irrigation cotton plant with 75% from water requirement. Whereas, Fathi et al. (2011) found that 66% from water requirement of cotton gave the highest cotton yield.
The agricultural sector consumes almost 80-90% of the total water allocated to Egypt, however the increase of population is normally resulted in steady decrease in per capita share of water . Efficient irrigation methods could mitigate the problem of insufficient water resources.
The objective of this study was to investigate how to reduce the water irrigation requirement of cotton by using potassium fertilizer and its effect on cotton growth, yield and yield compounds and leaf content as well as water use efficiency.
Materials and Methods
Two field experiments were conducted at the Farm of Sids Agricultural Research Station, ARC, Beni-Suef Governorate, Egypt during 2016 and 2017 seasons to investigate the effect of potassium fertilization levels, i. e., 12, 24, 36 and 48kg K 2 O/fad as soil application and foliar spraying of 5kg K 2 O/fad three limes at squaring, begging of flowering and top of flowering under different irrigation intervals (at recommended irrigation intervals (every 12 days, every 15 days, every 18 days and every 21 days) on growth, yield and its components, fiber quality and leaf chemical contents as well as water relations. Some physical and chemical properties of the experimental sites were determined according to Klute (1986) and Page et al. (1982) , respectively and listed in Tables 1 and 2. The experiment was laid out in split plot in complete randomized block design in four replicates, where irrigation treatments were located in the main plots, while potassium treatments were involved in sub plots. The experimental plot was 12m 2 (4.0m x 3.0m) including five ridges. Each ridge was 4.0m long, 0.6m wide with hills of 0.2m apart in one side of the ridge. Cotton seeds, variety Giza 95 obtained from Cotton Research Institute were sown on 7 and 9 April in the two seasons, respectively. Hills were thinned after three weeks from planting to two plants. All plants fertilized with 22kg P 2 O 5 /fad as superphosphate (15.5%) before planting. Also, all plots received 60kg N/ fad as ammonium nitrate (33.5% N) in two equal doses after thinning and 15 days later. The irrigation treatments -Sowing irrigation for all plots.
-First irrigation: For all plots after 21 days from sowing.
-Second irrigation: After 36 days from sowing and after added the first nitrogen fertilizer dose for all plots.
-Third irrigation: After 51 days from sowing and after added the second nitrogen fertilizer for all plots + the treatments of soil potassium application.
-Then the following irrigation done as the interval treatments, i. e., 12, 15, 18 and 21 days which means added 6, 5, 4 and 3 irrigation, respectively.
At harvest ten guarded plants were randomly taken from the central row of each plot to determine the following parameters. Plant height (cm), number of fruiting branches/plant, number of open bolls/plant, boll weight (g), seed cotton yield (kentar/fad, kentar= 157.5kg.), earless (%), weight of 100 seeds (g), lint (%) micronaire reading and pressely index. Also, a representative samples of cotton leaves from each plot were taken randomly from the top fourth node leaves at 15 days after full flowering stage for 2017 season only to determine N, P and K concentration in leaves according to Chapman & Pratt (1961) as well as determine chlorophyll A and chlorophyll B according to Arnon (1949) and carotenoids according to Rolbelen (1957) .
Crop -water relationship Seasonal consumptive use (CU)
To determining the crop water consumptive use, soil samples were taken just before and after 48h for each irrigation, as well as at harvest time in 15cm increment system to 60cm depth of the soil profile. The crop water consumptive use between each two successive irrigations was calculated according to Israelsen & Hansen (1962) as follow:
where:Cu= Actual consumptive use (cm), D= Effective root zone depth (cm), 60cm, Bd= Bulk density of depth (g/cm -3 ), Q1= Soil moisture percentage (wt/wt) two days after irrigation and Q2= Soil moisture percentage (wt/wt) just before the next irrigation.
Water use efficiency (WUE)
The water use efficiency as kg seed cotton/ m 3 water consumed was calculated for each treatment as the formula described by Vites (1965 Submerged flow orifice with fixed dimension was used to measure the amount of water applied according to the following equation (Michael, 1978) :
where: Q= Discharge through orifice (L/sec), C= Coefficient of the discharge (0.61), A= Crosssection area of orifice (cm 2 ), G= Acceleration of gravity (981cm/sec 2 ) and H= Pressure head causing discharge through the orifice (cm).
The time needs for each plot was recorded. The obtained data were subjected to proper analysis according to methods of Snedecor & Cochran (1980) . The least significant differences (L.S.D.) at significance of 0.05 level was used to verify the significance of differences between treatments.
Results and Discussion

Growth parameters
Data in Table 3 represent the effect of potassium fertilization and irrigation intervals and their interaction on cotton growth. The results clearly show that regardless irrigation treatments, potassium fertilization had a positive effect on both plant height and number of fruiting branches. Increasing potassium level up to 48kg K 2 O/fad was significantly increased plant height and number of fruiting branches/plant. It is obvious that the differences between the effect of 36 and 48kg K 2 O/fad were not reached to the significant values in both seasons. Added 36 or 48kg K 2 O/fad increased cotton plant height and number of fruiting branches/plant by about 4.5 and 4.9% for plant height, and 3.3 and 3.3% for number of fruiting branches/plant, respectively in the first season. Same trends were obtained in the second season. The data clearly indicate that spraying 5kg K 2 O/fad three time on cotton leaves had somewhat similar effect as 24kg K 2 O/ fad as soil application. In this concern, Cope (1981) mentioned that the low use of K fertilizer in cotton may have serious consequences, as it appears to be more sensitive to K deficiencies than many other row crops, as the root system of cotton is less dense than of that of other crops. The effect of potassium on cotton growth is mainly due to its vital role in regulating of many physiological processes (potassium regulates the opening pand closing of stomata, and therefore regulates CO 2 uptake). Potassium performs a number of functions (Tisdale et al., 1997) . Similar results were obtained by Abd ElAal et al. (2000) and Abd El-Gayed & Awadalla (2014).
As for irrigation treatments, the data indicate that increasing the irrigation intervals decreased both plant height and number of fruiting branches/plant. The highest mean values due to irrigation treatments were recorded for cotton plants received the highest amounts of water (irrigation every 12 days). The reduction in cotton growth caused by increasing the irrigation intervals is mainly due to limiting the plant ability to absorb nutrients needed for optimal growth and development of plant. Also, it is well recognized that water is not only required for different biochemical activities of all cells, but also awakes generated turgor pressure a driving force of cell (Xiong & Zhu, 2002) . Therefore, water deficit disturbs normal cellular activities and restricts plant growth. These results agree with those obtained by Ashry et al. (2012) , Hamoda et al. (2014) , Khalifa (2014) and Hafiz & Ewis (2015) .
With regard to the interaction between potassium fertilization and irrigation intervals, the result show that cotton growth was significantly affected by the interaction between the two factors. It is obvious to notice that the reduction in cotton plant height and numbers of fruiting branches due to increasing irrigation intervals was decreased by increasing potassium levels. The highest values of plant height or number of fruiting branches were obtained for cotton plants watered every 12 days or every 18 days under 36 or 48kg K 2 O/fad. On the other hand, the plants irrigated every 21 days and received 12kg K 2 O/fad showed the lowest cotton growth. In this concern, Brag (1972) pointed out that the lower water loss of plants well supplied with K was due to a reduction in transpiration rate, which not only depends on the osmotic potential of the mesophyll cells, but also to its controlled to large extent by the opening and closing of stomata. Similar result were obtained by Farrag et al. (2015) and Hafiz & Ewis (2015) .
Yield components
The data in Table 3 show the effect of potassium and irrigation treatments and their interactions on yield components of cotton, namely, number of open bolls/plant and boll weight. Concerning the main effect of potassium, the results reveal that increasing potassium level up to 48kg K 2 O/fad as soil application was significantly improved number of open bolls/ plant and boll weight in both seasons. It is obvious to notice that foliar spraying of 5kg K 2 O/fad had equal effect on cotton yield components as the effect of 24kg K 2 O/fad as soil application. The positive effect of potassium on yield components is mainly due to its effect on growth parameters as mentioned before, where produced height plant and more fruiting branches/plant resulted in more flowers and bolls. In this connection, Mengel & Kirkby (1987) mentioned that favorable potassium fertilization enhanced formation of carbohydrates, proteins, photosynthesis translocation regulation, and enzyme action, synthesis of nucleic acids, chlorophyll oxidative, and photo-phosphorylation of solution. These results are in line with those obtained by Akhtar et al. (2003) and Abd El-Gayed & Awadalla (2014).
With regard to the main effect of irrigation treatments, the results clearly show that increasing the intervals between irrigation had a negative effect on yield components of cotton plants. The highest values of number of open bolls/plant and boll weight (22.7 and 3.04g in the first season and 22.5 and 3.05g for the second one) were obtained when cotton plants watered every 12 days. In this connection, Siskani et al. (2015) reported that, the formation and growth of bolls is depended on the continued availability of assimilates. Any stress which reduces the availability of assimilates causes the reduction of number and weight of bolls by increasing their abortions. In severe water stress conditions, loss of flowers and bolls results in the reduction of number of bolls. Similar results were obtained by Hassan et al. (2016) .
As for the interaction between potassium and irrigation treatments, the data show that both number of bolls/plant and boll weight were significantly affected by the interaction between the two studied factors. Increasing potassium level reduced the negative affect of increasing the intervals between irrigation. The treatment of 48kg K 2 O/fad under irrigation every 18 days gave number of open bolls/plant and boll weight significantly equal to those under watered every 12 days. On the other hand, the treatment of 12kg K 2 O/fad under irrigation every 21 days exhibited the lowest cotton yield components. This may be due to potassium play important role in osmotic mechanisms and stomata conductance that important for plant water relationships (Pettigrew, 2008) . These results agree with many workers such as Hassan et al. (2016) .
Seed cotton yield
Data in Table 3 represent cotton seed yield as affected by irrigation intervals and potassium fertilization and their interaction. As for the main affect of potassium treatments, the results show that increasing potassium level was associated with significant increasing in seed cotton yield. The highest seed cotton yield (11.01 and 10.81kentar/fad in the two seasons, respectively) were recorded under 48kg K 2 O/ fad as soil application, while 12kg K 2 O/fad exhibited the lowest seed cotton yield in both seasons (10.11 and 9.94kentar/fad, respectively). The data also reveal that sprayed 5kg K 2 O/fad on cotton plants produced somewhat seed cotton yield equal to those under 24kg K 2 O/fad. The relative increasing in seed cotton yield caused by 48kg K 2 O/fad over 12kg K 2 O/fad reached to 8.9 and 9.0% in the two seasons, respectively. This is explained by potassium consider one of the important nutrient that own effect direct or indirect in vegetative and reproductive growth which reflected positively in seed cotton yield directly. Also, potassium application increased cotton root growth, consequently improved seed cotton yield (Chen & Gabelman, 2000 and Rosolem, 2000) . These results are similar to those obtained by Reddy (2000) and Akhtar (2003) .
Considering the irrigation treatments, the data indicate that, under water stress conditions, seed cotton yield decreased was considerably. Seed yield in 100% water requirement treatment (every 12 days) produced 11.2, 5.5 and 3.9% increases compared with watered every 21, 18 and 15 days in the first season, respectively. In this concern, Imam (2004) stated that water stress decreased seed cotton yield by reducing green leaf area duration in the final stages of development and can induces a sever reduction in production of assimilates by photosynthetic organs. These results agree with those obtained by Dagdelen et al. (2006) and Siskani et al. (2015) . The results of analysis of variance indicate that the seed cotton yield was significantly affected by the interaction between potassium and irrigation treatments. Irrigation cotton plant every 15 days or 18 days when received the high dose of potassium (48kg K 2 O/fad) gave statistically seed cotton yield similar to those watered every 12 days and supplied with 36 or 48kg K 2 O/fad. This means that potassium fertilization reduce the negative effect of water stress. Mengel & Arneke (1982) demonstrated that the importance of K + levels for maintaining proper water potential and turgor pressure. That role due to positive response of potassium in osmotic adjustment and regulation water potential in plant through stomata conductance, therefore potassium consider one of easy important strategically ways to face problems of water deficit and scarcity (Hassan et al., 2016) . In general, the highest cotton yield were recorded for cotton plants irrigated every 12 or 15 days and received 48kg K 2 O/fad. On the other hand, the plants watered every 21 days and fertilized with 12kg K 2 O/fad yielded the lowest seed cotton yield.
Earliness (%), seed index, lint (%) and fiber quality
Data present in Table 4 show that potassium fertilization rates significantly affected earliness percentage and seed index, while lint percentage and fiber quality were not affected in both seasons. Increasing the rate of potassium fertilizer as soil application, was significantly decreased the earliness percentage in both seasons. This may be due to potassium had a promotive effect on vegetative growth (Table 3) led to delay the beginning of flowering. In this concern, Abd ElGayed et al. (2014) pointed out that NPK fertilizers produced the maximum days of seed cotton maturity. On the other hand, increasing potassium level was significantly increased seed index which may be due to added favorable potassium fertilization enhanced formation of carbohydrates, proteins, photosynthesis regulation, enzyme action, synthesis of nucleic acids, chlorophyll oxidative, photo-phosphorylation of solution Mengel & Kirkby (1987) .
As for the irrigation treatments, the results clearly show that irrigation intervals significantly affected earliness percentage and seed index, while lint percentage and fiber properties did not affect. Increasing irrigation intervals were significantly increased earliness percentage. Prolonging irrigation intervals to 21 days increased earliness (%) by about 5.2% when compared with irrigation every 12 days. However, increasing irrigation intervals decreased seed index. Similar results are in harmony with those obtained by Hamoda et al. (2014) for cotton earliness.
Considering the interaction effect, the results indicate that earliness (%), seed index, lint (%) and fiber quality did not affect by the interaction between irrigation intervals and potassium fertilization. In general, cotton plants watered every 21 days and supplied with 12 days kg K 2 O/fad produced the highest earliness percentage and lowest seed index. On other hand, the plants irrigated every 12 days and fertilized with 48kg K 2 O/fad as soil application exhibited the lowest earliness percentage and heaviest seeds.
Chemical contents in cotton leaves
Data in Table 5 represent the effect of irrigation and potassium treatments and their interaction on some chemical contents, i. e., N, P, K, chlorophyll a, chlorophyll b and carotenoids in cotton leaves. The data reveal that potassium fertilization had a positive effect on all chemical content in cotton leaves, except phosphorus content. Increasing potassium levels as soil application were significantly increased N and K content as well as chlorophyll a and chlorophyll b and carotenoids. In this concern, Rosolem et al. (2003) reported that root growth rate, length and surface had been associated with K acquisition efficiency of root system, consequently improved nutrient absorption. In addition, Pettigrew (2008) mentioned that potassium plays an important role in many physiological process (photosynthesis, assimilate transport, water relations and protein metabolism), therefore enhanced leaf pigments. Similar results were obtained by Aneela & Ashraf (2003) and Abd El-Gayed (2009).
With regard to the main effect of irrigation treatments, the data show that, N, P and K as well as pigments content in cotton leaves were decreased steady with the irrigation levels. The highest means of these chemical contents (3.69%, o.33%, 3.37% and 3.20, 2.88 and 0.70mg/g, dw for N, P, K and chlorophyll a, chlorophyll b and carotenoids, respectively) were recorded and irrigation cotton plants every 12 days. This may be due to increasing amount of applied water increased solubility of nutrients, consequently increased its uptake. Increasing the nutrient uptake by plant leading to increasing plant canopy and hence increasing exposed area of leaves to sunlight which led to Egypt. J. Agron. Special Issue (2018) S.SH. ABD EL-GAYED AND S.O. BASHANDY increasing chlorophyll content (Farrag et al., 2015) . The results are in agreement with those obtained by Mazhar et al. (2006 a,b) and Azza et al. (2006) on Taxodium distichum.
As for the effect of the interaction between irrigation and potassium treatments on chemical content in cotton leaves, the results clearly show that all studied chemical contents in leaves,
were not affected by the interaction between the two treatments. In general, the highest N, P and pigments were recorded for cotton plants watered every 12 days and fertilized with 48kg K 2 O/fad as soil application. Whereas, the lowest values for these chemical content were obtained for plants irrigated every 21 days and fertilized with 12kg K 2 O/fad. Table 6 in both seasons, respectively) were due to irrigated every 21 days. The data reveal that irrigated cotton plants every 15 days could save about 9.3 and 9.4% of applied water compared with 100% from irrigation requirements (watered every 12 days) with reduction in seed cotton yield only by about 3, 0 and 4.7% in both seasons, respectively. Furthermore, it could be saved 9.3 and 9.4% of applied water when fertilized cotton plant with 48kg K 2 O/fad as soil application without any statistical decreasing in seed cotton yield (Table 3) .
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Water relations
The data in in both seasons, respectively. The superiority of full irrigation treatment to high seasonal water consumptive use is due to the abundance of soil moisture in soil and the plants tend to grow without stress in the last stage of growth, hence use more water . In addition Ayotamuno et al. (2007) and Abd El-Latif et al. (2016) reported that the increment in water consumption by plants depended on availability of soil moisture in the root zone and plant growth stage. These results are in line with those obtained by Moussa & Abdel-Maksoud (2004) . As potassium treatments, the data reveal that water consumptive use values were positively responded to potassium levels. Fertilized cotton plants with 48kg K 2 O/fad gave higher CU values than other treatments. These results may be due to the plants supplied with its recommended rate of potassium exerted higher root and shoot growth, consequently consumed more water. Similar results were obtained by Farrag et al. (2015) . Regarding the interaction effect, the results show that the highest values of CU were obtained in plants grown under full irrigation treatment and supplied with 48kg K 2 O/fad, while the plants watered every 21 days and received 12kg K 2 O/fad recorded the lowest one.
Water utilization efficiency (WUtE) and water use efficiency (WUE)
The efficiency water utilization is an important limiting factor to crop production. Results reveal that values of WUtE and WUE were affected by irrigation treatments and potassium levels. The data in Table 7 show that the average of water utilization efficiency were 0.34, 0.36, 0.41 and 0.45kg seed cotton for each cubic meter of water due to 12, 15, 18 and 21 days intervals in the first season. The corresponding values for water use efficiency were 0. 45, 0.49, 0.51 and 0.51kg m -3 . Similar trends were obtained for the second season. It is obvious to notice that increasing the amount of irrigation water caused a significant decreasing in water utilization efficiency and water use efficiency which is mostly due to the increase in water loss by leaching. The results, also show that WUtE and WUE were positively responded to increasing potassium level up to 48kg K 2 O/fad as soil application, which mainly due to the effect of potassium on seed cotton yield. Therefore, using 100% potassium mineral fertilizer was the most efficient potassium level under all irrigation treatments. As for the interaction between the two studied treatments, the results clearly show that WUtE and WUE did not respond to the interaction between water and potassium treatments. The highest values for these two water relations were obtained under irrigated cotton plants every 21 days and fertilized with 48kg K 2 O/ fad, while the plants watered every 12 days and received 12kg K 2 O/fad exhibited the lowest ones. 
Conclusion
It could be conclude to irrigated cotton plant every 15 days and added 48kg K 2 O/fad to attain the highest seed cotton yield, which equal to those produced under full irrigation (every 12 days) Beni Suef irrigation conditions. This means that saving about 9% from water required for cotton plants under. 
